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(54) Warped semiconductor device and method of manufacturing the same 



(§7) A semiconductor device in accordance with the 
present invention includes a semiconductor element 
chip pressed and secured on a distortion die-pad so that 
the semiconductor element chip, sealed inside a pack- 
age, is held in a predetermined distorted state. The pre- 
determined distorted state is preferably downward or 



upward warping. The semiconductor element chip op- 
erates normally in the distorted state, and does not op- 
erate normally when the semiconductor element chip is 
separated from the semiconductor device, and thereby 
released from the distortion and laid alone. This ensures 
that the semiconductor element chip is protected from 
circuit analysis. 
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Description 

FIELD OF THE INVENTION 

[0001 ] The present invention relates to a semiconduc- 
tor device capable of protecting a semiconductor ele- 
ment from circuit analysis, by the use of electrical prop- 
erties of transistors which change as a result of warping 
or otherwise distorting the semiconductor element, and 
also to a method of manufacturing such a semiconduc- 
tor device. 

BACKGROUND OF THE INVENTION 

[0002] Conventionally, a semiconductor element chip 
(hereinafter, will be simply relerred to as "a chip") con- 
taining transistors, as well as circuitry including an IC 
(Integrated Circuit) or an LSI (Large Scale Integration) 
circuit, is seated in, for example, a plastic package be- 
fore actual use as a semiconductor device. The sealing 
is provided in view of protection from environment and 
so as to enable easy handling of the semiconductor el- 
ement chip. 

[0003] Figure 16 shows such an example of a pack- 
age-type semiconductor device 1 01 in which a chip 1 02 
containing an LSI circuit as part of its circuitry is sealed 
in an epoxy resin package 108. The chip 102 is secured 
f i rmly on a die-pad 1 03 by silver paste 1 04, and provided 
with pads 105 where the chip 102 is connected via gold 
wire bonds 106 to lead wires 1 07 which are in turn con- 
nected to components external to the package 108. 
[0004] A typical package-type semiconductor device 
is manufactured in the following manner. First, the se- 
curing surface of the die-pad 1 03 is coated with the silver 
paste 1 04 on which the chip 1 02 is placed, and the whole 
piece is pressed while being heated at 160°C to 170°C, 
so that the silver paste 104 solidifies with heat, thereby 
securing the chip 102 onto the die-pad 103. Thereafter, 
the pads 105 of the chip 102 are coupled to the lead 
wires 1 07 by the gold wire bonds 1 06. The manufactur- 
ing process completes as a package 108 is formed by 
sealing the chip 102 in epoxy resin. 
[0005] Currently, in most cases, the chip 102 is at 
least 200ujti thick, and is normally secured on the die- 
pad 103 in a flat state so as to prevent deterioration of 
its properties. 

[0006] Japanese Laid-open Patent Application No. 
5-211262/1993 (Tokukaihei 5-211 262; published on Au- 
gust 20, 1993) discloses a technology (will be referred 
to as technology 1 ) used for a resin seal-type semicon- 
ductor device, which is a package-type semiconductor 
device of the foregoing kind. According to the technolo- 
gy, a heat spreader is provided under a pellet support 
(corresponds to the die-pad 103) on which a semicon- 
ductor pellet (corresponds to the chip 102) is mounted, 
thereby reducing thermal resistance and allowing high 
power-consuming products to be offered in plastic pack- 
ages Further, the technology enables the resin to have 



a uniform thickness, thereby reducing the likelihood of 
cracks and warps developing in the package. The tech- 
nology successfully gives products improved reliability. 
[0007] Further referring to a package-type semicon- 
ductor device of the foregoing kind, Japanese Laid- 
Open Patent Application No. 64-15957/1989 (Tokukai- 
sho 64-1 5957; published on January 19, 1989) disclos- 
es a technology (will be referred to as technology 2) 
used for a package in which pressure is exerted to the 
o chip 102. According to the technology, gas or liquid is 
sealed in a semiconductor package together with an 
NMOS semiconductor element chip (corresponds to the 
chip 102), so as to exert mechanical pressure (stress) 
to the chip, thereby increasing current and improving the 
5 performance of the semiconductor element. 

[0008] In reference to technology 2 above, although 
not related to semiconductor elements, Japanese Laid- 
Open Patent Application No. 5-93659/1993 (Tokukaihei 
5-93659; published on April 16, 1993) and other docu- 
>o ments disclose a sensor that works based on the stress 
exerted to various kinds of resistor elements. The sen- 
sor works based on the electric resistance of a glass 
layer which changes with distortion. 
[0009] Incidentally, the package-type semiconductor 
?5 device 101 leaves the integrated circuit contained in the 
chip 102 sealed in the semiconductor device 101 rela- 
tively susceptible to analysis. To perform analysis on the 
chip 102, the package 108 is first unsealed to allow ob- 
servation of the chip 1 02. Normally, the chip 1 02 is coat- 
30 ed with a polyimide film (not shown) having a thickness 
of 50um to lOOujm to prevent malfunction caused by a 
rays. Further, when the chip 102 is sealed, the package 
108 is formed by covering the chip 102 with epoxy resin 
or other materials as mentioned in the foregoing. There- 
35 fore, simply unsealing the package 108 is not enough 
to observe the chip 102 through microscope, let alone 
to analyse the integrated circuit. 
[0010] However, the polyimide film and epoxy resin 
can be removed using an etchant containing oleum and 
40 sulfuric acid as its components. Once the resin and oth- 
er coverings are removed using etchant, the chip 102 
itself is susceptible to any kind of analysis from external 
observation to circuit analysis whereby properties can 
be measured through a probe directly in contact with the 
45 chip 102. 

[0011] Further., the packaged chip 1 02 is 200u.m thick 
or thicker; therefore, the packaged chip 102 is sealed in 
aflat state in the package 108, and even after the cov- 
erings are removed for analysis, the chip 1 02 still retains 
so the flat state, allowing the integrated circuit contained in 
the chip 102 to operate normally with the same proper- 
ties as when it is packaged. 

[0012] In short, the structure and packaging method 
of the conventional semiconductor device 1 01 do not go 
55 far enough to prevent performing analysis on the inte- 
grated circuit contained in the chip 102 from which the 
resin is removed and is laid alone, failing to offer protec- 
tion to secret information 
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[0013] Technology 1, although having successfully 
improved the reliability and performance of semicon- 
ductor devices, does not pay attention at all to the pre- 
vention of analysis of the chip 102. Similarly, technology 
2, although pressure is applied to the chip 102 in the 
package, does not pay attention at all to the prevention 
of analysis of the chip 1 02, rendering the chip 1 02 read- 
ily available^for analysis once the chip 102 is separated 
from all the other components and laid alone. Further, 
the documents related to distortion sensors deal with a 
different technical field, and do not disclose nor suggest 
the prevention of analysis. 

SUMMARY OF THE INVENTION 

[0014] In view of the foregoing problem, the present 
invention has an object to offer a package-type semi- 
conductor device capable of providing a high level of 
protection from circuit analysis to an integrated circuit 
contained in a semiconductor element chip sealed in a 
package, and also a method of manufacturing such a 
semiconductor device. 

[0015] In order to solve the foregoing problems, the 
semiconductor device in accordance with the present 
invention includes: a semiconductor element with an in- 
tegrated circuit; and a package for sealing the semicon- 
ductor element therein, so as to be connected to an ex- 
ternal circuit for use, wherein 

the semiconductor element is secured in the pack- 
age in a predetermined distorted state, and 
the semiconductor element operates normally only 
in the distorted state. 

[001 6] With the arrangement, the semiconductor ele- 
ment operates normally only in the predetermined dis- 
torted state; therefore, once the semiconductor element 
is separated from the semiconductor device and thereby 
released from the distorted state, the semiconductor el- 
ement dose not operate normally. This ensures that the 
semiconductor element is protected from circuit analy- 
sis, and thereby ensures that the secret information of 
the semiconductor element is protected. 
[001 7] The method of manufacturing a semiconductor 
device in accordance with the preset invention, in order 
to solve the foregoing problems, is such that 

in the step of sealing a semiconductor element 
with an integrated circuit in a package, a semiconductor 
element that operates normally only in a predetermined 
distorted state is secured and thereafter sealed in the 
package in the distorted state. 

[0018] According to the method, a semiconductor el- 
ement that operates normally only in a predetermined 
distorted state is secured and sealed in the distorted 
state. This enables manufacture of a semiconductor de- 
vice that ensures that the semiconductor element is pro- 
tected from circuit analysis. 

[001 9] For a fuller understanding of the nature and ad- 
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vantages of the invention, reference should be made to 
the ensuing detailed description taken in conjunction 
with the accompanying drawings. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 



[0020] Fig. 1 is a schematic cross-sectional view 
showing an arrangement of a semiconductor device of 
an embodiment in accordance with the present inven- 
tion. 

[0021] Figure 2 is a schematic plan view showing an 
arrangement of a semiconductor element chip used in 
the semiconductor device shown in Figure 1. 
[0022] Figure 3 is a schematic side view showing a 
warped state of the semiconductor element chip shown 
in Figure 2. 

[0023] Figure 4 is a schematic perspective view show- 
ing an example of the shape of a distort die-pad on which 
the semiconductor element chip shown in Figure 1 is 
secured and held in a warped state. 
[0024] Figure 5 is a schematic perspective view show- 
ing another example of the shape of the distort die-pad 
shown in Figure 4. 

[0025] Figure 6 is a schematic cross-sectional view 
showing another example of the semiconductor device 
shown Figure 1 . 

[0026] Figure 7 is a circuit diagram showing an exam- 
ple of an arrangement of a sensor provided to a sensor 
section of the semiconductor element chip shown in Fig- 
ure 2. 

[0027] Figure 8 is an explanatory drawing showing a 
semiconductor element chip separated from the semi- 
conductor device shown in Figure 1 . 
[0028] Figure 9 is a schematic cross-sectional view 
showing another arrangement of the semiconductor de- 
vice shown in Figure 1. 

[0029] Figure 1 0 is a step chart shown an example of 
a manufacturing process of the semiconductor devices 
shown in Figure 1 and Figure 9. 

[0030] Figure 11 is an explanatory drawing showing 
an example of the step 5 of pressing the surface of a 
chip as part of the manufacturing process of the semi- 
conductor device shown in Figure 1 0. 
[0031] Figure 12 is a schematic cross-sectional view 
showing another arrangement of the semiconductor de- 
vice shown in Figure 1 . 

[0032] Figure 13 is a schematic perspective view 
showing an example of the shape of a distort die-pad 
used in the semiconductor device shown in Figure 12. 
[0033] Figure 14 is an explanatory drawing showing 
a semiconductor element chip separated from the sem- 
iconductor device shown in Figure 12. 
[0034] Figure 1 5 is a block diagram showing a further 
arrangement of the semiconductor element chip shown 
in Figure 2. 

[0035] Figure 16 is a schematic cross-sectional view 
showing an arrangement of a conventional semiconduc- 
tor device. 
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DESCRIPTION OF THE EMBODIMENTS 
[Embodiment 1] 

[0036] Referring to Figure 1 to Figure 11 , the following 
description will discuss an embodiment of the present 
invention, but does not constitute a limitation to the 
scope of the present invention in any manner. 
[0037] The semiconductor device in accordance with 
the present invention includes a semiconductor element 
secured in a package in a predetermined distorted state. 
The semiconductor element operates normally only in 
this distorted state. In this structure, if the semiconduc- 
tor element is separated from the rest of the semicon- 
ductor device, the semiconductor element is released 
and returns to a normal state. This prevents the semi- 
conductor element from operating normally, and thereby 
ensures the protection of the semiconductor element 
from circuit analysis. 

[0038] The semiconductor element includes transis- 
tors provided in the form of a tightly packed transistor. 
In the present embodiment, the operation of the transis- 
tor section depends on changes in electrical properties 
of transistors with distortion of the transistor section: the 
transistor section operates normally when it is in the dis- 
torted state and fails to do so when it is not. 
[0039] As shown in Figure 1, the semiconductor de- 
vice 1 of the present embodiment includes a semicon- 
ductor element chip 2 (hereinafter will be simply re- 
ferred to as "a chip") sealed inside the package 8. The 
chip 2 is pressed and secured via a silver paste 4 onto 
a distortion die-pad 3 providing support to secure the 
chip 2, and connected via pads 5 and gold wire bonds 
94o lead wires 7 coupling the chip 2 to external circuits. 
[0040] The chip 2, as shown in Figure 2, is constituted 
by a transistor section 21 where transistors are provided 
in a high density, a sensor section 22 where detection 
means is disposed for detecting changes in electrical 
properties of the transistors, and an LSI (Large Scale 
Integration) section 23 where an LSI circuit and other 
components are disposed. The transistors in the tran- 
sistor section 21 are not limited in any particular manner; 
examples include NMOS-type transistors. As with the 
transistors, the LSI circuit is not limited in any particular 
manner either. The detection means will be explained 
in detail later. 

[0041] The chip 2 is constructed so that at least the 
transistor section 21 can be placed in the predetermined 
distorted state. In the present embodiment, the transis- 
tor section 21 is warped as an example of the predeter- 
mined distorted state. The warping is particularly pre- 
ferred because it is relatively easy to achieve compared 
to other kinds of distortion and hardly lost even if the 
transistor section 2 is secured on the distortion die-pad 
3, and dose not negatively affect the chip 2. 
[0042] In the present embodiment, the whole chip 2 
is reduced in thickness so as to allow at least the tran- 
sistor section 21 in the chip 2 to be distorted (to be spe- 



cific, warped, in the present embodiment) in the prede- 
termined manner as shown in Figure 3. In other words, 
reducing the thickness of the chip 2 enables the chip 2 
to-be distorted from the flat state to the warped state. 
s [0043] The reduction of the thickness of the chip 2 is 
not limited in any particular manner, supposing that the 
reduced thickness readily allows the chip 2 to be placed 
in the predetermined warped state, and does not nega- 
tively affect the function of the transistors and LSI circuit 
10 contained in the chip 2. In the present invention, a chip 
2 having a thickness of about 200u.m or larger when 
used conventionally is preferably reduced to 50ujti or 
even further in thickness, and more preferably to a value 
between 50p.m and 30u,m. The thickness of the chip 2, 
is when thus reduced, surely enables the chip 2 to be 
warped in the predetermined manner, and does not neg- 
atively affect the function of the chip 2. 
[0044] Thickness may be reduced across the whole 
chip 2 or only partially, tor example, in the transistor sec- 
20 tion 21; there is no particular limitation in any manner. 
In the present embodiment, thickness is reduced at least 
in the transistor section 21 so that the transistor section 
21 can be warped to allow the detection means to detect 
changes in electrical properties of the transistors in the 
25 distorted state. 

[0045] The distortion die-pad 3 is, overall, shaped like 
a flat panel similarly to those die-pads used in conven- 
tional semiconductor devices, but with a distortion part 
31 to place the chip 2 in the predetermined distorted 
30 state when the chip 2 is secu red thereto, either as shown 
in Figure 4 or as shown in Figure 5. In other words, the 
distortion die-pad 3 of the present invention differs from 
conventional die-pads in that the former has a shape 
corresponding to a desired distorted shape of the chip 2. 
35 [0046] The specific structure of the distortion part 31 
is not limited in any particular manner, supposing that 
the distortion part 31 is able to place the chip 2 in the 
predetermined distorted state when the chip 2 is actually 
secured onto a securing surface 32 of the distortion die- 
40 pad 3 where the chip 2 is to be secured. In the present 
embodiment, the securing surface 32 is warped in the 
distortion part 31 so as to warp the chip 2. 
[0047] Figure 4 shows a downward warping surface, 
as an example of the warping structure of the distortion 
45 part 31, constituting a part of the securing surtace 32, 
where the distortion die-pad 3 becomes thinner toward 
its edge 33. The warping surface may substantially re- 
semble that of a column laid along the edge 33, and al- 
ternatively, may be a gently curved surface, not neces- 
50 sarily a complete column surface. 

[0048] As another example of the warped structure, 
Figure 5 shows an upward warping surface that is effec- 
tively reverse to the above example, where the distortion 
die-pad 3 becomes thicker toward its edge 33 that is el- 
55 evated from the securing surface 32. In short, in the 
present embodiment, the distortion part 31 of the distor- 
tion die-pad 3 only needs to have an either downward 
or upward warping surface constituting a part of the se- 
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curing surface 32. 

[0049] The chip 2 is pressed and secured onto the se- 
curing surface 32 of the distortion die-pad 3 by the silver 
paste 4 as an adhesive agent. The silver paste 4 may 
be any conventional silver paste. Reduced in thickness s 
as in the foregoing, the chip 2 warps in accordance with 
the shape of the distortion die-pad 3 as the chip 2 is 
pressed and secured onto the distortion die-pad 3 by 
the silver paste 4. 

[0050] Specifically, when the distortion die-pad 3 has io 
a downward warping surface constituting a part of the 
securing surface 32 (see Figure 4), the chip 2 warps 
down toward the edge 33 as shown in Figure 1 . Mean- 
while, when the distortion die-pad 3 has an upward 
warping surface constituting the securing surface 32 is 
(see Figure 5), the chip 2 warps up toward the edge 33 
as shown in Figure 6. The structure of the semiconduc- 
tor device 1 shown in Figure 6 is identical to that of the 
semiconductor device 1 shown in Figure t, except that 
the chip 2 is warped : and therefore a thorough desc rip- 20 
tion thereof is omitted here. 

[0051] As shown in Figure 1 and Figure 6, the chip 2 
is connected to the lead wires 7 by the gold wire bonds 
6. Specifically, the pad 5 provided to the chip 2 is cou- 
pled to an end of the gold wire bond 6 of which the other 2s 
end is coupled to an end of the lead wire 7. The other 
end of the lead wire 7 sticks out from the package 8, and 
serves to connect the semiconductor device 1 in accord- 
ance with the present invention to an external circuit. 
[0052] The package 8 in which the chip 2 is sealed is 30 
suitably a plastic package used in a conventional sem- 
iconductor device and preferably made of an epoxy res- 
in; however, this is not the only possible material avail- 
able for the plastic package. 

[0053] As mentioned in the foregoing, the chip 2 in- 35 
eludes the transistor section 21 , the sensor section 22, 
and the LSI section 23 (see Figure 2). The sensor sec- 
tion 22 is provided at least between the transistor sec- 
tion 21 and the LSI section 23. This is because the de- 
tection means disposed in the sensor section 22 con- 40 
nects the transistors to the LSI circuit (a detailed de- 
scription will follow). The detection means has a function 
to detect properties, of the transistors, produced when 
the transistor section 21 is in the warped state, and to 
thereby control the operation of the LSI circuit in the LSI 45 
section 23. 

[0054] The following will explain changes in proper- 
ties of the transistors that occur when the transistor sec- 
tion 21 warps. For example, suppose that each of the 
transistors is of an NMOS type, and a stress is applied so 
to the transistor section 21 so that the transistor section 
21 warps downward in parallel or perpendicular to the 
current flow (see Figure 1 or Figure 3). Under the situ- 
ation, channel current increases by 10% if the transistor 
section 21 warps so that r equals 10mm ; where V rep- 55 
resents the radius of the warp. In the present embodi- 
ment, a change in the current value of transistors 
caused by the warping of the transistor section 21 is de- 



tected by the detection means to control LSI circuit op- 
eration. 

[0055] Incidentally, the transistors constituting the 
transistor section 21 change their properties differently 
when the transistor section 21 is warped downward on 
the distortion die-pad 3 shown in Figure 4 (the securing 
surface 32 warps downward) and when the transistor 
section 21 is warped upward on the distortion die-pad 3 
shown in Figure 5 (the securing surface 32 warps up- 
ward). These mutually differing warped states are also 
usable for the control of LSI circuit operation. 
[0056] The detection means may be an OP-amplifier 
or other analogue circuits, for example. The OP-ampli- 
fier detects changes in properties of the transistor that 
occur when the flat transistor section 21 is warped. A 
specific example includes the distortion sensor 25 con- 
stituted by a resistor R and a comparator Cp as shown 
in Figure 7. 

[0057] An end of the resistor R is connected to the 
transistor 24, while the other end is grounded. The com- 
parator Cp has two input terminals and an output termi- 
nal. One of the two input terminals is connected to a wire 
linking the resistor R to the transistor 24, while the other 
input terminal is provided with a predetermined voltage 
V2. The output terminal is connected to an LSI circuit 26. 
[0058] Further, an operation prohibition circuit (not 
shown) is included for prohibiting operation of the LSI 
circuit 26 unless the circuit receives a signal from the 
comparator Cp. The provision of the circuit prevents the 
LSI circuit 26 from operating independently. The opera- 
tion prohibition circuit is for prohibiting operation of the 
LSI circuit 26 even when a probe is performed on the 
LSI circuit 26 alone for circuit analysis. 
[0059] The circuit for prohibiting operation of the LSI 
circuit 26 is not limited in any particular manner, provid- 
ed that it allows the LSI circuit 26 to operate when the 
circuit receives a signal from the comparator Cp. A reg- 
ister makes a good example. Alternatively, the distortion 
sensor 25 and the LSI circuit 26 may be arranged so as 
receive a power supply and be grounded (see Figure 7) 
at shared common pads. 

[0060] As the transistor 24 receives a drive voltage, a 
property voltage V1 is produced depending on the rela- 
tion between the resistor R connected to the transistor 
24 and the property current Id produced in the transistor 
24. The comparator Cp compares the property voltage 
V1 coupled to one of the input terminals of the compa- 
rator Cp with the predetermined voltage V2 coupled to 
the other input terminal; if the predetermined voltage V2 
is greater than the property voltage VI , the comparator 
Cp transmits a high signal through its output terminal to 
the LSI circuit 26; if the predetermined voltage V2 is 
smaller than the property voltage V1 , the comparator Cp 
transmits a low signal through its output terminal to the 
LSI circuit 26. The high and low signals from the distor- 
tion sensor 25 control the operation of the LSI circuit 26. 
[0061] The following description will explain the con- 
trol of the operation of the LSI circuit 26. Supposing that 
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the transistor section (NMOS transistors) 21 contained 
in the chip 2 is warped downward as shown, for exam- 
ple, in Figure 1 or Figure 3, as the LSI circuit 26 con- 
tained in the distorted chip 2 operates, the drive voltage 
causes a property current Id to flow through the transis- 
tor 24; the property current Id in turn causes a property 
voltage V1 to grow across the resistor R, which is fed to 
the comparator Cp. The comparator Cp then compares 
the incoming property voltage V1 with the predeter- 
mined voltage V2. 

[0062] In the present embodiment, NMOS transistors 
are used as the transistor 24 and the transistor section 
21 is warped downward. If it turns out from a comparison 
in such an event that the predetermined voltage V2 is 
smaller than the property voltage V1 (V2 <V1), the com- 
parator Cp determines that the transistor 24 has normal 
properties, and provides a low signal to the LSI circuit 
26. The sensor section 22 is set so that the LSI circuit 
26 operates normally when the NMOS transistors are 
warped downward. 

[0063] Settings of the sensor section 22 will be ex- 
plained in detail in the following. In the present embod- 
iment, as mentioned in the foregoing, NMOS transistors 
are used as the transistor 24, and the chip 2 is warped 
downward and packaged. In such an event, a property 
current Id starts flowing through the transistor 24, which 
are NMOS transistors, in response to application of a 
drive voltage, and a property voltage V1 is fed to the 
comparator Cp. Here, as to the comparator Cp, the pre- 
determined voltage V2 is set to such a value that the 
outcome of the comparison of the predetermined volt- 
age V2 and the property voltage V1 is such that the pre- 
determined voltage V2 is smaller than the property volt- 
age V1 . Consequently, the comparator Cp determines 
that V2 < V1 as in the foregoing and also that the tran- 
sistor 24 has normal properties, and transmits a low sig- 
nal so as to allow the LSI circuit 26 to operate. 
[0064] Now, suppose that the chip 2 is separated from 
the distortion die-pad 3 and is laid alone with the resin 
film and other materials formed on the chip 2 having 
been removed as shown in Figure 8. As mentioned in 
the foregoing, the chip 2 is distorted only when it is se- 
cured to the distortion die-pad 3. When the chip 2 is not 
secured to the distortion die-pad 3, the transistor section 
21 no longer warps, and changes into a flat state. 
[0065] Silicon and other materials constituting the 
chip 2, if formed in a thickness of SOujti or below, are 
elastic; the chip 2 warps with stress, and returns to a flat 
state once the stress is removed. In the present inven- 
tion, the chip 2 is secured by means of that elasticity and 
sealed in the semiconductor device 1 . As a result, if the 
chip 2 is separated and laid alone, the transistor section 
21 is released from the warping and returns to a flat state 
as explained in the foregoing; thereby, the property cur- 
rent Id flowing through the transistor 24 to which the 
drive voltage is supplied changes when compared with 
a warped state. 

[0066] Suppose that someone tries to conduct a 



probe on the flat chip 2 separated from the rest of the 
device for the purpose of circuit analysis. Contrary to 
his/her expectation, the chip 2 does not operate with the 
LSI circuit 26 alone; therefore, the transistor 24 must be 
5 driven, and a drive voltage is applied accordingly. The 
property current Id caused by the application of the drive 
voltage has a decreased value when compared with an 
upward warped state, causing the property voltage V1 
to decrease too. The decreased property voltage V1 is 
10 fed to the comparator Cp, and compared with the pre- 
determined voltage V2; the outcome will be such that 
the predetermined voltage V2 is greater than the prop- 
erty voltage V1 (V2 > V1 ). 

[0067] In the present embodiment, as mentioned in 
is the foregoing, the comparator Cp determines that the 
transistor 24 has normal properties and provides a low 
signal to the LSI circuit 26, if the outcome of the com- 
parison is such that the predetermined voltage V2 is 
smaller than the property voltage V1 (V2 < V1 ). There- 
to fore, if the outcome is such that the predetermined volt- 
age V2 is greater than the property voltage V1 (V2 > V1 ) 
as in the foregoing, the comparator Cp determines that 
the transistor 24 does not have normal properties and 
provides a high signal to the LSI circuit 26. This prohibits 
25 normal operation of the LSI circuit 26, and eventually 
prevents a probe from being conducted for circuit anal- 
ysis. 

[0068] In this manner, when the distortion sensor 25 
of the present embodiment detects a property current Id 
30 from the transistor 24 whose value is in a certain range 
as a change in an electrical property of the transistor 24, 
the distortion sensor 25 transmits, based on the out- 
come of the detection, a signal that causes the LSI cir- 
cuit 26 to operate normally. By contrast, when the dis- 
35 tortion sensor 25 detects a current from the transistor 
24 whose value is outside the foregoing range, that is, 
outside the range of the property current Id, or when the 
distortion sensor 25 fails to detect the predetermined 
property current Id, the distortion sensor 25 transmits a 
40 signal that prohibits normal operation of the LSI circuit 
26. 

[0069] The distortion sensor 25 may be arranged so 
that when it detects a current whose value is outside the 
range of the property current Id, or fails to detect the 
45 predetermined property current Id, it either does not 
transmit a signal that causes the LSI circuit 26 to operate 
normally or transmits a signal that prohibits operation of 
the LSI circuit 26. 

[0070] Further, the distortion sensor 25 used in the 
so semiconductor device 1 in accordance with the present 
invention is not limited to the aforementioned analogue 
circuit: the distortion sensor 25 may be arranged in any 
manner, provided that it is capable of detecting a change 
in an electrical property when the transistor section 21 
55 changes from a non-distorted state to a distorted state. 
[0071] Further, if a part other than the transistor sec- 
tion 21 changes its electrical properties with the distor- 
tion of the chip 2, the distortion sensor 25 may be ar- 
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ranged in any manner, provided that it is capable of de- 
tecting a change in electrical properties of that part. 
Hence, any part of the chip 2 other than the transistor 
section 21 may be distorted in a predetermined manner, 
and the detection means for detecting a change in elec- 5 
trical properties that occurs in the distorted state is not 
limited to the distortion sensor 25. 
[0072] In addition, the transistor section 21 , the sen- 
sor section 22 : and the LSI section 23 may be disposed 
on the chip 2 in any manner, provided that the sensor 10 
section 22 is disposed so as to connect the transistor 
section 21 to the LSI section 23. 

[0073] Here, if the entire chip 2 is reduced in thick- 
ness: the chip 2 warps easily, but has a reduced strength 
and renders the semiconductor device 1 difficult to han- is 
die. The overall strength can be enhanced if a semicon- 
ductor device 1a includes, as shown in Figure 9, a chip 
2a that is reduced in thickness only in the transistor sec- 
tion 21 that is to be warped. 

[0074] Specifically, only the transistor section 21 (the 20 
warped part), which constitutes a part of the chip 2a, is 
reduced in thickness to 50jim or below, whereas the oth- 
er part (the sensor section 22 and the LSI section 23) is 
not reduced in thickness and remains in a normal thick- 
ness of 200u.m or thicker. A distortion die-pad 3a on 2s 
which the chip 2a is secured includes a distortion part 
31 a protruding from the securing surface 32 located op- 
posite the transistor section 21 as shown in Figure 9. 
So, the distortion part 31a has an increased thickness 
compared with the other part so as to correspond to the 30 
thinned transistor section 21. Meanwhile, in the other 
part, the securing surface 32 is flat and the thickness is 
reduced. 

[QD75] By reducing only the distorted part of the chip 
2a in thickness in the foregoing manner, the chip 2a los- 35 
es its strength only in a restrained manner, and the sem- 
iconductor device 1a allows for easy handling. Other- 
wise, the semiconductor device la is arranged in the 
same manner as the semiconductor device 1 shown in 
Figure 1 and Figure 6, and therefore, a through expla- 40 
nation thereof is omitted here. 

[0076] Now, referring to a step chart constituting Fig- 
ure 10, the following will discuss a method of manufac- 
turing the semiconductor device 1 (the same process is 
applicable to manufacture of the semiconductor device 45 
la). 

[0077] First, in step 1 (or P1; hereinafter, a step will 
be referred to as "P" where necessary), the transistor 
section 21 of the chip 2 is reduced in thickness from its 
original 200ujn or above to approximately 30u.m to so 
50pm. The thickness can be reduced by a technique 
similar to normal abrasion including physical grinding 
and wet etching. The thinned transistor section 21 of the 
chip 2 remains in a flat state without a stress and readily 
warps with a stress. It is confirmed through experiment 55 
that the reduction in thickness does not affect the de- 
vice. 

[0078] Subsequently, in P2, a silver paste 4 is applied 



to form a layer on the securing surface 32 of the distor- 
tion die-pad 3 provided with the distortion part 31 . In P3, 
positions are determined for the distortion die-pad 3 and 
the chip 2 so that the distortion part 31 of the distortion 
die-pad 3 oppositely faces the transistor section 21 of 
the thinned chip 2. In P4, the chip 2 is placed on the 
layer constituted by the silver paste 4. 
[0079] Subsequently, in P5, the surface of the chip 2 
placed on the distortion die-pad 3 is pressed using a die 
bonder head 9, having an opposing surface 9a of a 
shape similar to that of the securing surface 32 of the 
distortion die-pad 3 (i.e., having a surface warped cor- 
respondingly to the distortion part 31 ), as shown in Fig- 
ure 11. Simultaneously with the pressing, the chip 2 is 
heated to 160°C to 170°C by means of the die bonder 
head 9. Accordingly, the die bonder head 9 includes 
heating means. Thus, the layer constituted by the silver 
paste 4, as a result of the pressing, secures the chip 2 
onto the securing surface 32 of the distortion die-pad 3. 
The heating means provided in the die bonder head 9 
is not limited in any particular manner. 
[0080] Since the die bonder head 9 has the opposing 
surface 9a of a shape corresponding to that of the se- 
curing surface 32, the die bonder head 9 can gently warp 
the transistor section 21, and press and thereby secure 
the chip 2 onto the securing surface 32 of the distortion 
die-pad 3, without placing too great a load tothe thinned 
chip 2 when the die bonder head 9 presses the surface 
of the chip 2. 

[0081] Consequently, the use of the die bonder head 
9 enables a relatively mechanically weak chip compared 
with normal chips, such as the entirely thinned chip 2, 
to be reliably warped and secured, and also enables an 
only partially thinned chip, such as the chip 2a, to be 
warped without damaging the thinned part. 
[0082] Subsequently, in P6, the pad 5 of the chip 2 
and an end of the lead wire 7 are coupled by the gold 
wire bonds 6 : suitably by a conventional technique. In 
the final step (P7), a predetermined mould is used to 
fabricate a package 8 from an epoxy resin so as to seal 
the chip 2 (as well as the distortion die-pad 3). The end 
of the lead wire 7 that is not connected by the gold wire 
bond 6 sticks out of the package 8. This completes the 
manufacture of the semiconductor device 1 in accord- 
ance with the present invention. 

[0083] As in the foregoing, the semiconductor device 
in accordance with the present invention is arranged so 
that a semiconductor element chip sealed in the semi- 
conductor device is in a predetermined distorted state. 
In other words, the semiconductor device operates nor- 
mally as long as the thinned part is retained in the 
warped state, and is prevented from operating normally 
if the thinned part changes into a flat state. Therefore, 
if the semiconductor element chip is separated from the 
semiconductor device and is no longer in the distorted 
state, the semiconductor element chip fails to operate 
normally, rendering it practically impossible to perform 
property, circuit, and other analysis on it. 
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[0084] Further, in the semiconductor element chip of 
the present embodiment, only the transistor section is 
warped, while the other part is in a flat state, creating a 
co-existence of a distorted part and a non-distorted part 
in the same chip. In other words, only necessary part of 
the semiconductor element chip is distorted, and there- 
fore, the load placed on the semiconductor element chip 
is minimized. 

[Embodiment 2] 



[0085] Referring to Figure 12 to Figure 14, the follow- 
ing description will discuss another embodiment in ac- 
cordance with the present invention, but does not con- 
stitute a limitation to the scope of the present invention 
in any manner. Here, tor convenience, members of the 
present embodiment that have the same arrangement 
and function as members of the first embodiment, and 
that are mentioned in the first embodiment are indicated 
by the same reference numerals and a thorough de- 
scription thereof is omitted here. 

[0086] In the first embodiment, a part of the chip 2 or 
chip 2a is warped, and the distortion sensor 25 is pro- 
vided so as to determine whether that part is released 
from the warped state. By contrast, in the present em- 
bodiment, the chip 2 is designed so as to operate nor- 
mally when in the predetermined distorted state and not 
to operate normally when the chip 2 is released from the 
distorted state and changes into a flat state. This elimi- 
nates the need to provide the distortion sensor 25. 
[0087] As shown in Figure 12. a semiconductor de- 
vice 1b of the present embodiment includes the same 
type of chip as the chip 2 of the first embodiment of which 
toe entirety is reduced in thickness. A distortion die-pad 
3b on which the chip 2 is secured is warped so as to 
form a convex surface out of the substantially entire se- 
curing surface 32b, for example, as shown in Figure 1 3. 
Accordingly, as the chip 2 is pressed and secured onto 
the securing surface 32b of the distortion die-pad 3b us- 
ing the silver paste 4, the entirety of the chip 2 is warped 
in a convex shape. 

[0088] Specifically, the distortion part 31b of the dis- 
tortion die-pad 3b has a convex surface covering the 
substantially entire securing surface 32b as shown in 
Figure 13. In other words, A warping surface is formed 
on the securing surface 32b so that the distortion die- 
pad 3b is the thickest in the centre and thinnest at the 
edges. Alternatively, the distortion part 31b may have a 
concave surface covering the substantially entire secur- 
ing surface 32b (not shown). 

[0089] As in the foregoing, as to the distortion die-pad 
3b of the present embodiment, the distortion part 31 b is 
in the mid-part of the distortion die-pad 3b and extends 
so as to cover the substantially entire securing surface 
32b. Therefore, as shown in Figure 12, the substantially 
entire chip 2 is warped in a convex shape, and secured 
on the distortion die-pad 3b. The warping surface may 
substantially resemble that of a column, and alternative- 



ly, may be a gently curved surface, not necessarily a 
complete column surface. 

[0090] In such an event, the LSI circuit 26 operates 
normally when the whole chip 2 is in a warped state. In 
5 other words, the chip 2 is designed so as to operate nor- 
mally with the electrical properties of the transistor 24 in 
a warped state, and not to operate normally with the 
electrical properties of the transistor 24 when released 
from the distorted state and placed into a fiat state. 
10 [0091] Accordingly, if the chip 2 is separated form the 
distortion die-pad 3b and laid alone, the chip 2 is flat on 
the whole as shown in Figure 14. As a result, the chip 2 
does not operate normally, i.e. , operates differently from 
the norma! operation of the warped chip. Consequently, 
is the chip 2 separated from the semiconductor device 1b 
can be protected from circuit and property analysis. 
[0092] However, in the semiconductor device 1b of 
the present embodiment, preferably, detection means 
like the distortion sensor 25 is provided similarly to the 
20 foregoing if the chip 2 should be completely prohibited 
from operating when released from the warped state. 
The design of the chip 2 that operates normally only 
when it is warped is not limited in any particular manner: 
for example, the chip 2 may include gate means, inter- 
ns posed between circuit blocks in the chip 2, which passes 
a signal when the chip 2 is warped and blocks the pas- 
sage of a signal when the chip 2 is in a flat state. 
[0093] In the present embodiment, the substantially 
entire chip 2 is warped; alternatively, only a part of the 
30 chip 2 may be warped similarly to the first embodiment. 
The semiconductor device 1b of the present embodi- 
ment needs to be designed at least so that the chip 2 
operates normally when in the distorted state and does 
not operate normally when the chip 2 changes into a flat 
35 state. 



[Embodiment 3] 

[0094] Referring to Figure 7 and Figure 1 5, the follow- 

40 ing description will discuss another embodiment in ac- 
cordance with the present invention, but does not con- 
stitute a limitation to the scope of the present invention 
in any manner. Here, for convenience, members of the 
present embodiment that have the same arrangement 

45 and function as members of the first or second embod- 
iment, and that are mentioned in the first or second em- 
bodiment are indicated by the same reference numerals 
and a thorough description thereof is omitted here. 
[0095] In the first and second embodiments, the LSI 

so circuit 26 disposed in the chip 2 is not allowed to operate 
normally if the chip 2 is separated from the semiconduc- 
tor device 1 or the semiconductor device 1b. By con- 
trast, in the present embodiment, the LSI circuit 26 is 
provided with storage means (storage device) like re- 

55 writable memory and, once the chip 2 is separated from 
the semiconductor device 1 , the data stored in the mem- 
ory becomes unreadable. 

[0096] The data stored in the memory is made un- 
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readable in any manner, provided that data reading can 
be prevented when the chip 2 is released from the pre- 
determined distorted state and changes into a flat state. 
In the present embodiment, a memory rewriting section 
(memory rewriting means) is incorporated and will be 
explained as data reading prevention means. 
[0097] Specifically, the chip 2d of the present embod- 
iment includes a transistor 24, a distortion sensor 25, 
and an LSI circuit 26 as shown in the block diagram con- 
stituting Figure 1 5. The LSI circuit 26 includes a memory 
(storage means) 28 and a memory rewriting sectbn (da- 
ta reading prevention means) 27. The memory 28 is re- 
writable. A predetermined set of data is stored in the 
memory 28 when secured on the distortion die-pad 3. 
The memory rewriting section 27 is .disposed so as to 
connect the memory 28 to the distortion sensor 25. 
[0098] Similarly to the first embodiment, when a drive 
voltage is applied to the transistor 24, a property voltage 
V1 is produced in relation with the property current Id 
produced by the resistor R and the transistor 24 as 
shown in Figure 7, and coupled to one of the input ter- 
minals of the comparator Cp. The comparator Cp com- 
pares the property voltage V1 with the predetermined 
voltage V2 coupled to the other input terminal: if the pre- 
determined voltage V2 is greater than the property volt- 
age V1 (V2 > V1), the comparator Cp transmits a high 
signal through its output terminal to the LSI circuit 26; if 
the predetermined voltage V2 is smaller than the prop- 
erty voltage V1 (V2 < V1 ), the comparator Cp transmits 
a low signal through its output terminal to the LSI circuit 
26. 

[0099] As previously mentioned, if the transistor 24 is 
constituted by NMOS transistors and warped down- 
ward, the comparator Cp determines that the chip 2d is 
in the predetermined distorted state and also that the 
transistor 24 has normal electrical properties provided 
that the predetermined voltage V2 is smaller than the 
property voltage V1 (V2 < V1). Therefore, if the output 
signal from the distortion sensor 25 is a low signal, the 
memory rewriting section 27 is not activated. 
[01 00] By contrast, if the output signal from the distor- 
tion sensor 25 is a high signal, the comparator Cp de- 
termines that the chip 2d is released from the distorted 
state and also that the transistor 24 does not have nor- 
mal electrical properties; therefore, the high signal even- 
tually causes the memory rewriting section 27 to be ac- 
tivated and rewrites the data stored in the memory 28. 
To sum it up, a normal set of data is stored in the memory 
28 if the chip 2d is secured to the semiconductor device 
1 in the predetermined distorted state, whereas the data 
in the memory 28 is rewritten by the memory rewriting 
section 27 if the chip 2d is separated from the semicon- 
ductor device 1 and laid alone so as to allow a probe to 
be performed for circuit analysis and the like. This effec- 
tively prevents analysis of normal data in the memory 
28. 

[0101] Although the memory rewriting section 27 for 
rewriting the memory 28 is taken as an example of data 



reading prevention means in the present embodiment, 
alternatively, a deletion circuit may be used as data 
reading prevention means provided that the memory 28 
is^a flash memory. 
s [0102] In this manner, the semiconductor device of 
the present embodiment includes a semiconductor ele- 
ment chip which in turn includes data reading prevention 
means. Therefore, when the semiconductor device is 
separated from the semiconductor element chip, the 

10 semiconductor element chip is protected from analysis, 
and, on top of that, the data in the memory is protected 
from reading. This further ensures that the semiconduc- 
tor element chip is protected from analysis. 
[0103] As in the foregoing, the semiconductor device 

is in accordance with the present invention includes a 
semiconductor element distorted in a predetermined 
shape and sealed in a package. If the semiconductor 
element is separated from the package, the semicon- 
ductor element is released from the distorted state and 

20 changes into a flat state; therefore, the circuit in the sem- 
iconductor element fails to function normally or com- 
pletely fails to operate at all. This.ensures that the sem- 
iconductor element is protected from circuit analysis and 
also that secret information of the semiconductor ele- 

2$ ment is protected. 

[01 04] Note in the present invention that if a drive volt- 
age is supplied to the distorted transistor section with 
the semiconductor element chip being packaged, the 
distortion sensor in the sensor section determines that 

30 the channel current has a normal value and produces a 
signal that causes the LSI circuit in the LSI section to 
operate. Therefore, if the semiconductor element chip 
is separated and laid alone to allow a probe to be per- 
formed for circuit analysis, the drive voltage applied to 

35 the transistor section that is now flat produces a channel 
current that differs from the channel current in distorted 
state, causing the distortion sensor to prevent the LSI 
section from operating normally. 

[0105] A specific example is discussed in the previous 

40 embodiments, where the transistor 24 is constituted by 
NMOS transistors and the chip 2 is warped downward 
in parallel or perpendicular to the flow of the channel 
current. In such an event, the transistor 24 to which a 
drive voltage is applied produces a smaller property cur- 

45 rent Id when the chip 2 is separated and laid alone, 
thereby released from the downward warped state and 
changes into a flat state than when the chip 2 is pack- 
aged. The distortion sensor 25 thus detects the de- 
creased property current Id and prevents the LSI circuit 

50 26 from operating normally. 

[0106] However, if the transistor 24 is constituted by 
NMOS transistors, the property current Id changes dif- 
ferently when the chip 2 is warped upward and when the 
chip 2 is warped downward. Specifically, if the transistor 

55 24 is constituted by NMOS transistors and the chip 2 is 
warped upward, the property current Id is likely to in- 
crease with the change of the chip 2 from the distorted 
state to a flat state, and the absolute value of that 
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change (percentage points) differs from that of the de- 
crease with the chip 2 warped downward. 
[0107] Therefore, the arrangement of the distortion 
sensor 25 discussed in the first embodiment is an ex- 
ample of NMOS transistors warped downward, and 
dose not constitute a limitation to the scope of the 
present invention in any manner Further, the electrical 
property produced in the distorted part when the chip 2 
is in the predetermined distorted state is not limited to 
the property current Id; alternatively any electrical prop- 
erty whose change is detectable may be used. 
[0108] A semiconductor device in accordance with 
the present invention may be such that 

the semiconductor element is secured on a die-pad 
in the package, and 

a distortion die-pad having a shape capable of hold- 
ing the secured semiconductor element in the pre- 
determined distorted state is used as the die-pad. 

[0109] With the arrangement, the die-pad is a distor- 
tion die-pad having a shape capable of holding the se- 
cured semiconductor element in the predetermined dis- 
torted state; this ensures that the semiconductor ele- 
ment is held in the distorted state in the package. 
[01 10] A semiconductor device in accordance with the 
present invention may be such that 

the semiconductor element is secured on the die- 
pad with at least a part of the semiconductor element 
being thinned so as to aliow distortion. 
[0111] With the arrangement, at least a part of the 
semiconductor element is thinned so as to allow distor- 
tion of that part; therefore, the semiconductor element 
oen be readily distorted on the distortion die-pad. 
[01 12] A semiconductor device in accordance with the 
present invention may be such that 

the semiconductor element includes a transistor 
section where transistors are provided in a high 
density, and 

the predetermined distorted state of the semicon- 
ductor element is a state where at least the transis- 
tor section is warped downward or upward (the sur- 
face of the transistor section forms a convex or con- 
cave shape). 

[01 1 3] With the arrangement, in the semiconductor e l- 
ement, at least the transistor section where transistors 
are provided is warped. The warping is relatively easy 
to achieve compared with other types of distortion, and 
is surely retained while the semiconductor element is 
being secured on the distortion die-pad. In addition, the 
warping does not negatively affect the semiconductor 
element. Further, by warping the transistor section, the 
electrical properties of the transistors are readily 
changed. Therefore, once the semiconductor element 
is separated from the semiconductor device, the tran- 
sistors no longer show such electrical properties that al- 



low normal operation. This ensures that the semicon- 
ductor element is protected from circuit analysis. 
[0114] Further if only the transistor section is in the 
warped state with the rest being in a flat state, only the 
s smallest possible part of the semiconductor element is 
distorted to fulfill requirements, the semiconductor ele- 
ment receives only a minimum load. 
[011 5] A semiconductor device in accordance with the 
present invention may be such that 
10 the semiconductor element includes detection 

means for detecting a change in an electrical property 
produced in a distorted part only when the semiconduc- 
tor element is in the predetermined distorted state and 
thereby controlling operation of the integrated circuit. 
15 [0116] With the arrangement, the detection means 
detects a change in a property of the transistor when the 
semiconductor element in the predetermined distorted 
state is released from the distorted state; this ensures 
that the distorted state under which the semiconductor 
20 element should operate normally is distinguished from 
the distortion-released state under which the semicon- 
ductor element should not operate normally 
[0117] A semiconductor device in accordance with the 
present invention may be such that 
25 the semiconductor element is designed so as to 

operate normally only when the semiconductor element 
is in the predetermined distorted state. 
[0118] With the arrangement, a circuit is designed in 
advance so that the semiconductor element operates 
30 normally when the semiconductor element is in the pre- 
determined distorted state, and fails to do so when the 
semiconductor element is released from the distorted 
state and changes into a flat state; therefore, the distort- 
ed state under which the semiconductor element should 
35 operate normally is distinguished from the distortion-re- 
leased state under which the semiconductor element 
should not operate normally only by means of the dis- 
tortion of the semiconductor element. This eliminates 
the need for provision of the detection means to the 
40 semiconductor element, and enables the circuit ar- 
rangement of the semiconductor element to be simpli- 
fied. 

[0119] A semiconductor device in accordance with the 
present invention may be such that 
45 the semiconductor element includes: 



rewritable storage means; and 
data reading prevention means, activated as con- 
trolled by the detection means, for preventing read- 
so jng of data stored in the storage means. 

[01 20] With the arrangement, the semiconductor ele- 
ment includes data reading prevention means; there- 
fore, even if the semiconductor element is separated 
55 from the semiconductor device, the semiconductor ele- 
ment is protected from analysis, and the reading of data 
in the storage means is prevented This further ensures 
that the semiconductor element is protected from circuit 
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analysis. 

[0121] A method of manufacturing a semiconductor 
device in accordance with the present invention is such 
that it includes the step of 

securing and thereafter sealing the semiconductor 5 
element that operates normally only in a predetermined 
distorted state in the package in the distorted state. This 
enables manufacture of a semiconductor device that en- 
sures that the semiconductor element is protected from 
circuit analysis. 

[0122] The foregoing method of manufacturing is 
preferably such that 

the semiconductor element is secured onto a die- 
pad, 

a distortion die-pad having a shape capable of hold- 
ing the secured semiconductor element in the pre- 
determined distorted state is used as the die-pad, 
and 

a surface of the semiconductor element is pressed 
by a head having a shape corresponding to the dis- 
tortion die-pad when the semiconductor element is 
secured onto the distortion die-pad. 

[01 23] According to the method, a head having an op- 
posing surface of a shape corresponding to the distor- 
tion die-pad is used so as to secure the semiconductor 
element onto the distortion die-pad; therefore, the sem- 
iconductor element receives only a moderate load when 
pressed at the surface. This allows the semiconductor 
element to be secured onto the distortion die-pad, while 
ensuring that the semiconductor element is distorted. 
Therefore, even if, for example, the semiconductor ele- 
ment is thinned and thereby has a relatively poor me- 
chanical strength in comparison with a typical semicon- 
ductor element, the semiconductor element still can be 
secured onto the distortion die-pad, while it is ensured 
that the semiconductor element is distorted. 
[0124] The invention being thus described, it will be 
obvious that the same may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and ail such 
modifications as would be obvious to one skilled in the 
art intended to be included within the scope of the fol- 
lowing claims. 

Claims 

1. A semiconductor device (1) including, a semicon- so 
ductor element (2, 2a, 2b) with an integrated circuit 
(26); and a package (8) for sealing the semiconduc- 
tor element (2, 2a, 2b) therein, so as to be connect- 
ed to an external circuit for use, said semiconductor 
device being characterised in that ss 

the semiconductor element (2, 2a, 2b) is se- 
cured in the package (8) in a predetermined dis- 



torted state, and 

the semiconductor element (2, 2a, 2b) operates 
normally only in the distorted state. 

2. The semiconductor device as defined in claim T, be- 
ing characterised in that 

the semiconductor element (2, 2a, 2b) is se- 
cured on a die-pad in the package (8), and 
a distortion die-pad (3, 3a, 3b) having a shape 
capable of holding the secured semiconductor 
element (2, 2a, 2b) in the predetermined dis- 
torted state is used as the die-pad. 

3. The semiconductor device as defined in claim 2, be- 
ing characterised in that 

the semiconductor element (2, 2a, 2b) is se- 
cured on the die-pad with at least a part of the sem- 
iconductor element (2, 2a, 2b) being thinned so as 
to allow distortion. 

4. The semiconductor device as defined in either one 
of claims 1 to 3, being characterised in that 

the semiconductor element (2, 2a, 2b) includes 
a transistor section (21) where transistors (24) 
are provided in a high density, and 
the predetermined distorted state of the semi- 
conductor element (2, 2a, 2b) is a state where 
at least the transistor section (21) is warped 
downward or upward. 

5. The semiconductor device as defined in claim 4, be- 
ing characterised in that 

a thinned part of the semiconductor element 
(2, 2a, 2b) so as to allow distortion includes at least 
the transistor section (21). 

6. The semiconductor device as defined in claim 5, be- 
ing characterised in that 

the thinned part has a thickness of 50ujti or 
below. 

7. The semiconductor device as defined in either one 
of claims 1 to 6, being characterised in that 

the semiconductor element (2, 2a, 2b) is de- 
signed so as to operate normally only when the 
semiconductor element (2, 2a, 2b) is in the prede- 
termined distorted state. 

8. The semiconductor device as defined in either one 
of claims 1 to 7, being characterised in that 

the semiconductor element (2, 2a, 2b) in- 
cludes detection means (25) for detecting an elec- 
trical property produced in a distorted part only 
when the semiconductor element (2, 2a, 2b) is in 
the predetermined distorted state and thereby con- 
trolling operation of the integrated circuit"(26). 
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9. The semiconductor device as defined in claim 8, be- 
ing characterised in that 

the electrical property detected by the detec- 
tion means (25) is a change in an electric current of 
the transistors (24) that occurs when the transistor 
section (21) contained in the semiconductor ele- 
ment (2, 2a, 2b) is warped 
j 

1 0. The semiconductor device as defined in claim 9, be- 
ing characterised in that 

the detection means (25) is an OP-amplifier 
including a resistor and a comparator. 

11. The semiconductor device as defined in either one 
of claims 9 and 10, being characterised in that 

the detection means (25), upon detection of 
the change in the electric current, either terminates 
transmission of a signal causing the integrated cir- 
cuit (26) to operate normally or transmits a signal 
preventing operation of the integrated circuit (26). 

12. The semiconductor device as defined in either one 
of claims 8 to 11, being characterised in that 

the semiconductor element (2, 2a, 2b) in- 
cludes: 

rewritable storage means (28); and 
data reading prevention means (27) ; activated 
as controlled by the detection means (25), for 
preventing reading of data stored in the storage 
means (28). 

13. The semiconductor device as defined in claim 12, 
< being characterised in that 

the storage means (28) stores a predetermined 
set of data if the semiconductor element (2 : 2a, 
2b) is in the predetermined distorted state, and 
the data reading prevention means (27) is a 
memory rewriting section (27) for rewriting the 
set of data. 

14. A method of manufacturing a semiconductor device 
(1 ) including: a semiconductor element (2, 2a, 2b) 
with an integrated circuit (26); and a package (8) for 
sealing the semiconductor element (2, 2a, 2b) 
therein, being characterised in that it comprises the 
step of 

securing and thereafter sealing the semicon- 
ductor element (2, 2a, 2b) that operates normally 
only in a predetermined distorted state in the pack- 
age (8) in the distorted state. 

15. The method of manufacturing a semiconductor de- 
vice as defined in claim 14, being characterised in 
that 

the semiconductor element (2, 2a, 2b) is se- 
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cured onto a die-pad, 

a distortion die-pad (3, 3a, 3b) having a shape 
capable of holding the secured semiconductor 
element (2, 2a, 2b) in the warped state is used 
as the die-pad, and 

a surface of the semiconductor element (2, 2a, 
2b) is pressed by a head (9) having a shape 
corresponding to the distortion die-pad when 
the semiconductor element (2, 2a, 2b) is se- 
cured onto the distortion die-pad. 

16. The method of manufacturing a semiconductor de- 
vice as defined in claim 15, being characterised in 
that 

a silver paste (4) is used to secure the semi- 
conductor element (2, 2a, 2b) onto the distor- 
tion die-pad, and 

the head (9) includes heating means for heating 
the semiconductor element (2, 2a, 2b) simulta- 
neously as the head (9) presses a surface of 
the semiconductor element (2, 2a, 2b). 

17. A semiconductor device comprising a semiconduc- 
tor element which includes an integrated circuit, 
said semiconductor element being sealed in a pack- 
age, and connection terminals for connecting the in- 
tegrated circuit to external circuitry, characterized in 
that the semiconductor element is in a predeter- 
mined condition maintained only by being held in 
the package, and operates normally only in said 
predetermined condition. 

18. A method of making a packaged semiconductor de- 
vice, comprising sealing a semiconductor element 
which includes an integrated circuit within a pack- 
age so that said element is held by the package in 
a predetermined state which is maintained only 
while the element is packaged and which is neces- 
sary for normal operation of the element. 
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(54) Warped semiconductor device and method of manufacturing the same 



(57) A semiconductor device in accordance with the 
present invention includes a semiconductor element 
chip pressed and secured on a distortion die-pad so that 
the semiconductor element chip, sealed inside a pack- 
age, is held in a predetermined distorted state. The pre- 
determined distorted state is preferably downward or 



upward warping. The semiconductor element chip op- 
erates normally in the distorted state, and does not op- 
erate normally when the semiconductor element chip is 
separated from the semiconductor device, and thereby 
released from the distortion and laid alone. This ensures 
that the semiconductor element chip is protected from 
circuit analysis. 
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